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Background of Invention 
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[0002] The present invention relates to a method of manufacturing bumps. More 

particularly, the present invention relates to a process of fabricating bumps that 
require a shorter contact period with etchant and a thinner photoresist layer. 



Fll [0003] Description of Related Art 
[0004] 

In this information explosion age, electronic products are used almost everywhere. 
Computer and processing stations driven by powerful integrated circuits are employed 
in offices, educational institutions, recreational industries, business and commercial 
companies. As electronic technology continues to progress, products having more 
powerful functions and more attuned to personal needs are developed. Furthermore, 
most electronic products are increasingly light and compact thanks to the efficient 
fabrication of many types of high-density semiconductor packages. A major 
innovation is the flip chip design capable of cramming a considerable number of 
Integrated circuits together. In a flip-chip design, a plurality of bumps is formed on 
the bonding pads of a silicon chip. Each bump directly contacts with a corresponding 
contact point on a substrate so that the chip and the substrate are electrically 
connected. Compared with the conventional wire-bonding and tape automated 
bonding (TAB) method of joining a chip with a substrate, the flip-chip design has a 
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shorter overall conductive path and hence a better electrical connectivity. In addition, 
the backside of the chip may be exposed to facilitate heat dissipation during 
operation. Due to the distinguishing advantages of flip-chip packages, semiconductor 
manufacturing favors its production. 

[0005] Figs. 1 to 7 are partially magnified cross-sectional views of structures on the 

surface of a silicon wafer showing the progression of steps for producing bumps on 
the wafer according to a conventional method. As shown in Fig. 1 , a silicon wafer 1 1 0 
is provided. The wafer 1 1 0 has an active surface 1 1 2. The wafer 1 1 0 further includes 
a passivation layer 114 and a plurality of bonding pads 1 16 (only one of them is 
shown) on the active surface 112 of the wafer 110. The passivation layer 114 exposes 
the bonding pad 116. 

[0006] As shown in Fig. 2, an adhesion layer 1 20 is formed over the active surface 1 1 2 of 
the wafer 1 1 0 by conducting a sputtering operation. The adhesion layer 1 20 covers 
the bonding pad 1 1 6 and the passivation layer 1 14. Thereafter, a barrier layer 1 30 is 
formed over the adhesion layer 1 20 by conducting a sputtering or an electroplating 
operation. A wettable layer 1 40 Is formed over the barrier layer 1 30 by conducting a 
sputtering or an electroplating operation. Here, the fabrication of a so-called under- 
ball metallic layer 142 is complete. The under-ball metallic layer 142 actually is a 
composite layer comprising the adhesion layer 120, the barrier layer 1 30 and the 
wettable layer 1 40. 

[0007] As shown in Fig. 3, a photolithographic operation is conducted by forming a 

photoresist layer 1 50 over the wettable layer 1 40, exposing the photoresist layer 1 50 
to light and then developing the photoresist layer. Ultimately, a pattern (not shown) is 
transferred to the photoresist layer 1 50. The photoresist layer 1 50 now contains a 
plurality of openings 1 52 (only one is shown) that exposes the wettable layer 140 
above the bonding pad 116. 

[0008] As shown In Fig. 4, metal is deposited to refill the opening by conducting an 

electroplating operation so that a plurality of solder blocks 160 (only one is shown) is 
formed inside the opening 1 52 of the photoresist layer 1 50. The solder block 1 60 
completely covers the exposed wettable layer 140. 
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[0009] As shown in Figs. 4 and 5, the photoresist layer 1 50 Is completely removed from 
the top of the wettable layer 1 40. 

[0010] As shown in Figs. 5 and 6, the under-ball metallic layer 142 outside the solder 
block 160 region is removed by etching. Consequently, only the residual under-ball 
metallic layer 142 remains underneath the solder block 160, The passivation layer 114 
above the wafer 1 1 0 is now exposed. 

[001 1] As shown in F^ig. 7, a reflux operation is conducted by sprinkling flux over the 

wafer 1 00 and heating to a temperature such that the solder block 1 60 starts to melt 
and turns into a hemispherical shape bump 1 70. The bump 1 70 is actually a 
composite structure that Includes the under-ball metallic layer 142 and the solder 
block 1 60. 

[001 2] In the fabrication process as shown in Figs. 1 to 7, etchant is used to remove the 
wettable layer 140, the barrier layer 130 and the adhesion layer 120 in sequence (not 
shown). During etching, the etchant may come in contact with the solder block 1 60 
and etch away a portion of the solder block 160 layer. Hence, overall thickness of the 
solder block 1 60 may be reduced leading to material wastage and difficulty in 
controlling solder block 160 quality. Furthermore, when the etchant for etching the 
wettable layer 140 and the barrier layer 1 30 is improperly prepared, the etchant may 
act on the solder block 1 60. The etchant may peel off the solder block 1 60 from the 
wettable layer 140 before the wettable layer 140 and the barrier layer 130 are 
removed. Moreover, to match the dimension of the under-ball metallic layer 160, 
cross-sectional area of the opening 1 52 in the photoresist layer 1 50 must be set to a 
small value so that the solder block 1 60 inside the opening 1 52 is thick. 
Consequently, the photoresist layer 150 must have comparable thickness resulting in 
a higher cost of production. 

Summary of Invention 

[001 3] Accordingly, one object of the present invention is to provide a process of 

fabricating bumps capable of reducing contact with etchant and the wasting of solder 
blocks so that the solder block is more accurately shaped. 

[0014] ^ second object of this invention is to provide a process of fabricating bumps 



AppJD=10063574 



Page 3 



such that the peeling of solder blocks due to etchant is prevented. 

[001 5] A third object of this invention is to provide a process of fabricating bumps that 
involves the formation of an opening having a large cross-seaional area in a 
photoresist layer during the photolithographic process. Consequently, a smaller 
amount of metallic material needs to be deposited into the opening and the resulting 
solder block has a minimal height. Ultimately, a thinner photoresist layer is required 
and hence production cost is reduced. 

[001 6] Note in the following description that the use of the preposition "over" as In "a 
second layer is formed over a first layer" means that the second layer is either in 
contact with the first layer or simply above the first layer. 



[001 7] To achieve these and other advantages and in accordance with the purpose of the 

III 

invention, as embodied and broadly described herein, the invention provides a 



4 



process of fabricating bumps on a silicon wafer. The wafer has an active surface with a 
passivation layer and a plurality of bonding pads thereon. The passivation layer 



ill exposes the bonding pads. First, an adhesion layer is formed over the active surface 



of the wafer. The adhesion layer covers the bonding pads and the passivation layer. A 



Q barrier layer is formed over the adhesion layer and then a wettable layer is formed 

ft I 

■ over the barrier layer. 

[001 8] A first photolithographic process is carried out to form a plurality of photoresist 
blocks over the wettable layer. Thereafter, a first etching operation is conducted to 
remove the wettable layer and the barrier layer outside the photoresist covered 
region. The photoresist blocks are removed. 

[001 9] A second photolithographic process is carried out to form a photoresist layer over 
the adhesion layer. The photoresist layer has a plurality of openings that expose the 
wettable layer and the adhesion layer around the barrier layer. A metal-filling 
operation is conducted to form solder blocks inside the openings In the photoresist 
layer. The solder blocks cover the wettable layer and the adhesion layer around the 
barrier layer. The photoresist layer is removed. 

[0020] A first reflux operation is carried out so that the solder block changes to a blob 
having a hemispherical profile and the solder block also retracts into the upper 
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surface of the wettable layer without extending into the adhesion layer. 

[0021] A second etching operation is carried out so that the exposed adhesion layer is 
removed while the adhesion layer underneath the barrier layer is retained. In the 
meantime, the passivation layer over the wafer is exposed. Finally, a second reflux 
operation is conducted. 

[0022] According to one preferred embodiment of this invention, the second reflux 

operation is a selective process. In addition, the first reflux operation may be carried 
out before the step of removing the photoresist layer. Furthermore, the adhesion layer 
can be a titanium, a titanium tungsten alloy, aluminum or chromium layer, the barrier 
layer can be a nickel-vanadium alloy layer and the wettable layer can be a copper, 
palladium or gold layer. 

[0023] In brief, a two-stage process is used to etch the under-ball metallic layer 

according to this invention. In the first state, the wettable layer and the barrier layer 
are etched. Since the solder blocks are not formed over the wettable layer, etchant will 
not attack the solder block. Etchant will contact the solder block only when the 
adhesion layer is etched in the second etching operation. Hence, the bump fabrication 
process is able to minimize volume reduction of the solder blocks due to etchant 
contact. Consequently, the solder blocks can have a more precise dimension. 

[0024] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

Brief Description of Drawings 

[0025] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. In the drawings, 

[0026] Figs. 1 to 7 are partially magnified cross-sectional views of structures on the 

surface of a silicon wafer showing the progression of steps for producing bumps on 
the wafer according to a conventional method; 
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[0027] Figs. 8 to 1 7 are partially magnified cross-sectional views of structures on the 

surface of a silicon wafer showing the progression of steps for forming bumps over a 
silicon wafer according to a first preferred embodiment of this invention; and 

[0028] Figs. 1 8 to 21 are partially magnified cross-sectional views of structures on the 
surface of a silicon wafer showing the progression of steps for forming bumps over a 
silicon wafer according to a second preferred embodiment of this invention. 

Detailed Description 

[0029] Reference will now be made in detail to the present preferred embodiments of the 
invention, examples of which are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the drawings and the description to 



§1 refer to the same or like parts. 



IP 

0 'i 
hi 

n 

Iff Fig. 8, a silicon wafer 31 0 is provided. The wafer 31 0 has an active surface 312 with a 

y 
III 

M The passivation layer 314 exposes the bonding pads 316. 



[0030] Figs. 8 to 1 7 are partially magnified cross-sectional views of structures on the 

surface of a silicon wafer showing the progression of steps for forming bumps over a 
silicon wafer according to a first preferred embodiment of this invention. As shown in 



passivation layer 314 and a plurality of bonding pads 316 (only one is shown) thereon. 



[0031] As shown in Fig. 9, an adhesion layer 320 is formed over the active surface 312 of 
the wafer 310 by sputtering or evaporation plating. The adhesion layer 320 covers 
both the bonding pads 316 and the passivation layer 314. The adhesion layer 320 can 
be made from a material including, for example, titanium, titanium-tungsten alloy, 
aluminum or chromium. A barrier layer 330 is formed over the adhesion layer 320 by 
sputtering, electroplating or evaporation plating. The barrier layer 330 can be made 
from a material such as nickel-vanadium alloy, for example. A wettable layer 340 is 
formed over the barrier layer 330 by sputtering, electroplating or evaporation plating. 
The wettable layer 340 can be made from a material including, for example, copper, 
palladium or gold. Hence, a so-called under-ball metallic layer 342 that comprises the 
adhesion layer 320, the barrier layer 330 and the wettable layer 340 is thereby 
formed. 



[0032] 



As shown in Fig. 10, a first photolithographic process is carried out by forming a 
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photoresist layer over the wettable layer 340, exposing the photoresist layer through 
a mask and developing the photoresist layer chemically. Ultimately, a pattern (not 
shown) is transferred from the mask to the photoresist layer. In other words, a 
plurality of photoresist blocks 350 (only one is shown) is formed in the locations for 
.forming the bumps directly above the bonding pads 316. 

[0033] As shown in Fig. 1 1 , a first etching operation is conducted to remove the wettable 
layer 340 and the barrier layer 330 outside the photoresist blocks 350 so that residual 
wettable layer and barrier layer remain underneath the photoresist blocks 350. The 
copper wettable layer 340 is etched using an etchant containing ammonium hydroxide 
Li. and hydrogen peroxide having a composition according to U.S. Patent No, 6,222,279, 

p; or an etchant containing potassium sulfate (K . SO ) and glycerol according to U.S. 

k^i 2 4 

tP^ Patent No. 5,486,282 and U.S. Patent No. 5,937,320 or some other known chemical 

III etchants. The nickel-vanadium barrier layer 330 is etched using sulfuric acid (H ^ SO 

) as the etchant. The actual etching operation differs according to the actual working 
53 environment and is briefly described in the following. 



[0034] In a first embodiment, the barrier layer 330 is etched at room temperature using 



III 1% - 98% sulfuric acid (H SO ). When the barrier layer 330 has a thickness between 

T'^ e o 2 4 

£ 2000 A to 4000 A , an etching period exceeding 2 hours is required. 

Ill 

[0035] In a second embodiment, the barrier layer 330 is etched at a temperature above 

80 " C using 1% - 98% sulfuric acid (H SO ). When the barrier layer 330 has a 

2 4 

thickness between 2000 A to 4000 A , an etching period exceeding 2 hours is 
required. 

[0036] In a third embodiment, the barrier layer 330 is etched in an electrochemical 

etching operation. For example, a current density of about 0.001 - 0.02A/cm ^ , 

2 

preferably 0.002 5 A/cm , is passed while the etching is conducted at room 
temperature using 1 0% sulfuric acid (H ^ SO ^ ). When the barrier layer 330 has a 

thickness between 2000 A to 4000 A , an etching period between 20 seconds to 11 0 

seconds is required- However, the optimal etching period is between 20 seconds to 40 

seconds. In addition, either a constant current or a pulse current may be applied 

during etching. 
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[0037] Furthermore, the nickel-vanadium barrier layer 330 may be etched using a diluted 
phosphoric acid solution having a composition according to U.S. Patent No. 
5,508.229. 

[0038] In all the aforementioned etching processes, the active surface of the wafer is 

usually cleaned using de-ionized water so that any residual etchant on the bumps and 
active surface from a previous etching operation is removed. This ensures a higher 
yield after the completion of the bump manufacturing process. 

[0039] As shown in Fig. 1 2, the photoresist blocks 350 are removed. 

[0040] As shown in Fig, 1 3, a second photolithographic process is carried out to form a 
photoresist layer 360 over the adhesion layer 320 and the wettable layer 340. 
Through photo-exposure and photoresist development, a pattern (not shown) is 
transferred from a mask to the photoresist layer 360. The photoresist layer 360 has a 
plurality of openings 362 (only one is shown) that exposes the residual wettable layer 
340 on the bonding pads 316 and the adhesion layer 320 around the residual barrier 
layer 330. 

[0041] As shown in Fig. 1 4, metallic material is deposited into the openings 362 in the 
photoresist layer 360 by electroplating to form a plurality of solder blocks 370 (only 
one is shown). The solder blocks 370 cover the wettable layer 340 and the adhesion 
layer 320 around the barrier layer 330. Thereafter, the photoresist layer 360 is 
removed from the upper surface of the adhesion layer 320 to form a structure shown 
in Fig. 1 5. 

[0042] 

As shown in Fig. 1 6, a first reflux operation is carried. Flux material is sprinkled 
onto the wafer and the wafer is heated until the solder blocks 370 partially melt. 
Through the heating, the solder blocks 370 are transformed into a blob of material 
having a hemispherical profile. Note that material constituting the solder blocks 370 
must not wet the adhesion layer 320 so that the solder blocks 370 can retract onto 
the upper surface of the wettable layer 340 without extending to the adhesion layer 
320. Next, a second etching operation is carried out to remove the exposed adhesion 
layer 320 so that only the residual adhesion layer 320 underneath the barrier layer 
330 remains. In the meantime, the passivation layer 314 covering the wafer 31 0 is 
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exposed to form a structure as shown in Fig. 17. If the adhesion layer 320 Is a 
titanium-tungsten alloy layer, etchant containing hydrogen peroxide 2 ^ 2 ^' 
ethylene diamine tetraacetic (EDTA) and potassium sulfate (K ^ SO ^ ) and having a 
composition according to U.S. Patent No. 5,462,638 can be used so that the etching 
effect on the solder blocks 360 is minimal. If the adhesion layer is a chromium layer, 
an etchant containing hydrochloric acid (HCI) having a composition according to U.S. 
Patent No. 5,1 62,257 can be used so that the etching effect on the solder blocks 360 
is also minimal. If the adhesion layer is a titanium layer, an etchant containing 
ammonium hydroxide and hydrogen peroxide ('^ 2 ^ 2 ^ having a composition 
according to U.S. Patent No. 5,1 62,257 can be used so that the etching effect on the 
solder blocks 360 is also minimal. Alternatively, hydrogen fluoride (HF) can be used as 
an etchant for etching titanium adhesion layer 320. If the adhesion layer is an 
aluminum layer, an etchant containing phosphoric acid and acetic acid having a 
composition according to U.S. Patent No. 5,508,229 can be used. However, during the 
second etching operation, the upper surface of the solder blocks 370 is also etched 
leading to a highly irregular surface. Hence, a second reflux operation may be 
introduced by selection. In the second reflux operation, flux material is sprinkled onto 
the wafer 310 and the wafer 31 0 is heated until the solder blocks 370 is planarized. 
This finishes the fabrication of the bumps 380. Note that each bump is a composite 
structure comprising an under-ball metallic layer 342 and a solder block 370. The 
wafer 3 1 0 is finally sliced into a plurality of chips. 

[0043] In the first embodiment, the wafer 31 0 may be sliced into chips immediately after 
the second etching operation. The second reflux operation is an optional step that can 
be added on demand. 

[0044] fabrication process with reference to Figs. 8 to 1 7, a two-stage etching 

process is used to etch the under-ball metallic layer 342. During the first etching 
operation, that is, the etching of the wettable layer 340 and the barrier layer 330, 
etchant will not etch the solder blocks 370 because the solder blocks 370 are yet to 
be formed over the wettable layer 340. Etchant will contact the solder blocks 370 only 
when the adhesion layer 320 Is etched in the second etching operation. Consequently, 
the period of contact of solder blocks 370 with etchant is reduced and hence 
dimensional reduction of the solder blocks 370 is minimized. Moreover, peeling of the 
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solder blocks due to contact with etchant during fabrication is also prevented. 
Furthermore, the openings 352 in the photoresist layer 360 can have a larger cross- 
sectional area. Hence, the solder blocks 370 have a lower thickness for the same 
volume. Thus, a thinner photoresist layer 360 is required resulting in a lower 
production cost, in addition, cross-sectional profile of the openings 362 in the 
photoresist layer 360 can have a variety of shapes including a circular or octagonal 
shape. 

[0045] In the aforementioned fabrication process, the reflux operation is carried out after 
the photoresist layer is removed. However, the reflux operation may also be carried 
out before photoresist removal as shown in Figs. 1 8 to 21 . Figs. 1 8 to 21 are partially 
magnified cross-sectional views of structures on the surface of a silicon wafer 
showing the progression of steps for forming bumps over a silicon wafer according to 
a second preferred embodiment of this invention. In the second embodiment, only the 
steps that differ from the first embodiment are described. 



111 



lli 
III 



[0046] As shown in Fig. 1 8, a metal-filling operation is conducted after the second 
photolithographic process. In the metal-filling operation, metallic material is 
deposited into the openings 662 in the photoresist layer 660 to form a plurality of 
solder blocks (only one is shown) by electroplating. The solder blocks 670 cover the 
wettable layer 640 and the adhesion layer 620 around the barrier layer 630. 



[0047] 



As shown in Fig. 1 9, a first reflux operation is conducted and then the wafer 610 
is heated until the solder blocks 670 partially melt and transform into a blob of 
material having a hemispherical profile. In this invention, a solder material that does 
not wet the adhesion layer 620 is selected to form the solder blocks 670. Hence, the 
solder blocks 670 can retract onto the upper surface of the wettable layer 640 without 
extending to the adhesion layer 620. Thereafter, the photoresist layer 660 is removed 
from the upper surface of the adhesion layer 620 to form a structure as shown in Fig. 
20. A second etching operation is carried out to remove the exposed adhesion layer 
620 so that only a residual adhesion layer 620 remains underneath the barrier layer 
630. The passivation layer 61 4 on the wafer 61 0 is also exposed to form a structure 
as shown in Fig. 21 . Since the solder blocks 670 are likely etched due to contact with 
etchant during the second etching operation, the upper surface of the solder blocks 
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670 has a roughened surface. To planarize the solder blocks 670, a second reflux 
operation may be carried out on demand. This finishes the fabrication of the bumps 
680. Note that each bump is a composite structure comprising an under-ball metallic 
layer 642 and a solder block 670. The wafer 61 0 is finally sliced into a plurality of 
chips. 

[0048] In this invention, the reflux operation is carried out before the etching process. 
Hence, the deposition of metallic material to form solder blocks is not limited to 
electroplating. Other methods including net printing, ball implant or directly filling the 
photoresist opening using a scrapper are possible. 

[0049] IVIaterial constituting the under-ball metallic layer is also not limited to the 

aforementioned. Various other types of under-ball metallic materials may similarly be 
applied to the fabrication of bumps as long as solder block material does not wet the 
adhesion layer. The solder blocks can be made from a material such as gold, tin-lead 
alloy or lead-free metal while the bonding pads can be made from a material such as 
aluminum or copper. 

[0050] The under-ball metallic layer according to this invention need not be limited to 
just three layers (the adhesion layer, the barrier layer and the wettable layer). Other 
numbers of conductive layers is possible. For example, the under-ball metallic layer 
can be a structure with four layers, including a chromium layer, a chromium-copper 
alloy layer, a copper layer and a silver layer. Alternatively, the under-ball metallic layer 
can be a structure with two layers, including a lower layer such as a titanium-tungsten 
alloy layer or a titanium layer and an upper layer such as a copper layer, a nickel layer 
or a gold layer. 

[0051] Although the bumps are directly formed on the active surface of a silicon wafer in 
the aforementioned embodiments, the bumps may also form elsewhere. For example, 
the bumps may form over a redistribution layer after the redistribution layer is formed 
on a silicon wafer. 

[0052] In conclusion, major advantages of this invention Includes: 

[0053] ] _ A two-stage etching process Is used to etch the under-ball metallic layer. 

During the first etching operation, that is, the etching of the wettable layer and the 
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barrier layer, etchant will not etch the solder blocks because the solder blocks are yet 
to be formed over the wettable layer. Etchant will contact the solder blocks only when 
the adhesion layer is etched in the second etching operation. Consequently, the 
period of contact of solder blocks with etchant is reduced and hence dimensional 
reduction of the solder blocks is minimized. 

[0054] 2. Peeling of the solder blocks due to contact with etchant during fabrication is 
also prevented. 

[0055] 3. The openings in the photoresist layer can have a larger cross-sectional area. 

Hence, the solder blocks have a lower thickness for the same volume. Thus, a thinner 
photoresist layer is required resulting in a lower production cost. 

[0056] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention cover modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 
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